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1      Introduction
RRC diversity was presented in R2-131211 [1] as a solution to improve mobility robustness in Scenario #1 and captured in TR 36.842. In this contribution, we study the challenges associated with RRC diversity.

In the contribution, for illustration purpose, we assume handover is from MeNB to SeNB. Therefore, source eNB and MeNB are used interchangeably. Similarly, target eNB and SeNB are used interchangeably.

1.1     RRC diversity challenges

According to 36.300, the following operations are part of the HO procedures after UE sends the measurement report to source eNB:

1. Source eNB sends HO request to target eNB.
2. Target eNB sends back HO request ACK (include HO information to be forwarded to the UE in RRC message).
3. Source eNB generates the RRCConnectionReconfiguration message and sends it to the UE.
4. The UE receive the message and continues with the HO procedures such as RACH.

In order to perform RRC diversity, there are 2 CP/UP architecture options for steps 3 and 4 above:
· Option 1: Source eNB forwards the HO command message to target eNB and target eNB sends the duplicated RRC signaling to the UE. 
· Option 1 can be supported with control plane option C1 where the final RRC message is generated from the MeNB only[2]. Either RRC PDU or PDCP PDU can be duplicated to forward the HO command message to the target eNB. 
· If RRC PDU is duplicated, SeNB should have PDCP/RLC/MAC/PHY layer, which is similar to UP alternative 3A captured in the TR 36.842[2]. 
· If PDCP PDU is duplicated, SeNB should have RLC/MAC/PHY layer, which is similar to UP alternative 3C captured in the TR 36.842[2]. 
· Both UP alternative 3A and 3C require RB split which would increase complexity due to handling of splitting of data e.g. flow control. However, in UP architecture discussion, duplication of RRC message is not discussed. RRC diversity will introduce additional  complexity on top of the currently discussed UP architecture options.
· Option 2: Target eNB generates the HO command message and send it to the UE. 
· Option 2 can be supported with CP option C2. Regarding L2 transport, CP option C2 naturally requires a separate PDCP/RLC/MAC/PHY in the SeNB. 
· It is concerned that CP option C2 increases UE complexity due to dual RRC procedure handling.  
Besides the architecture changes required to support RRC diversity mentioned above, there are some disadvantages listed below:

· Unnecessary reservation of resource in the SeNB: It is our understanding that RRC diversity intends to send only HO command message from both MeNB and SeNB to improve mobility robustness. Therefore, it would be reasonable that the UE receives downlink signalling only from both MeNB and SeNB when HO is likely to happen. However, the SCell associated with SeNB should be added before HO is likely to happen. Otherwise, RRC diversity gain cannot be utilized. It means that radio resource is reserved more than the time that is actually used to transmit HO command message. Figure 1 shows an example of SCell addition and HO triggering in RRC diversity. When the UE moves from the center of macro cell to small cell, HO should be triggered at the boundary between macro cell and small cell indicated at (b) in the figure 1. However, SCell should be added at (a) before HO is triggered. 
· HO confusion and false alarm: SCell addition should be triggered earlier than HO triggering, however, the UE may not necessarily handover to the SCell. This kind of false alarm wastes radio resource (e.g. PUCCH, SRS, etc.) reserved for the SCell. Furthermore, signalling to add SCell should be wasted as well. For example, in order to add SCell, some X2 signaling exchange should be required between MeNB and SeNB to configure radio resource in SCell. The MeNB should send RRCConnectionReconfiguration with SCell addition and the UE sends RRCConnectionComplete message. In addition, if the UE has to establish uplink synchronization, overall random access procedure including preamble and RAR is wasted.    
· Lack of uplink control information: When the SCell is prepared before HO for RRC diversity, the UE may not obtain uplink synchronization because the UE is not in the sufficient uplink coverage with the SCell. In this case, the UE cannot send CSI information and/or HARQ feedback. Therefore, the SeNB cannot schedule correctly for HO command message and cannot support HARQ operation. It will degrade downlink performance of sending HO command message compared to sending HO command message from MeNB. 
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Figure 1: SCell addition and HO triggering in RRC diversity 
2      Conclusions
The RRC diversity approach may achieve good HO performance. However, due to the complexity and the challenges involved in coordination between MeNB and SeNB and Scell addition and synchronization, we do not recommend using RRC diversity to enhance mobility robustness.
Proposal: RRC diversity should not be considered for mobility robustness enhancement in Scenario #1. 
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